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Introduction
Each individual cell composed PV module or each PV module composed PV array should be operated under the equal operating current and voltage in order to approach the ideal output power. In other words, the current-voltage (I-V) curves of modules must be similar. For instance, if a shadowed or damaged solar cell in a string causes that the cell produces current lower than the other cells then it will block the current flow from healthy cells to the output terminal of the string [1] [2] [3] . The generating current of solar cell depends strongly on irradiance level. In this reason, the effect of mismatch current is much worse than the mismatch voltage, the output power of PV module under this condition is remarkably reduced. This phenomenon is called as mismatching losses. Even the manufacturers set the tolerances in cell characteristic to reduce this kind of power losses; this problem continuously exists in the PV system practice. The causes of mismatching losses can be from the aging of solar cells, environmental stresses and shadow problems [4] . This problem urgently needs to be solved because of the increasing penetration of residential and commercial PV systems [5] [6] [7] [8] . The reason is that the shadow condition can cause significant power losses in PV systems. Shading in one single cell inside the PV modules can result in 90% of total power losses. Further problem is that the optimum point of PV array under the partially shaded condition is shifting far from the local maxima where the conventional controller is used to be operated. For this reason, the researchers have concentrated to develop the robust MPPT controllers to overcome the mismatching losses.
The state of technique for the PV inverters has been matters of concern for the application of PV system below and above 10 kW including inverter topology [9, 10] . On the other hand, finding the state of art of different control approaches for the parallel inverter operation is not easy right now since there are many proposed control strategies in the literature [11, 12] . One idea to solve the mismatching losses in PV system practice is to provide module, string and central based MPPT configurations. Module based system can be defined as an individual MPPT connected to each PV module. This type of configuration seems very reliable since the equipments can be easily replaced once they get broken without affecting the remained parts. Normally, this kind of system connection is suitable when the PV size is small. However, when the capacity of PV system increases denoted with high number of modules, the module based system becomes less proper due to complicated wire connection, hard maintenance and high installation cost. In addition, the module based system is facing some problems, such as the existing devices often suffer from high cost or poor efficiency, the maintenance procedures would be quite complex, which is comparable to the one of PV modules. Another constraint is that module based system have practically the same requirements to grid compatibility, such as safety, harmonics, electromagnetic compatibility as traditional inverters [13] . Although the module based MPPT system may produce much higher output power under partially shaded conditions [14] , the module based system might cause excessive complexity due to the mentioned reasons. Therefore it is not further discussed in this paper.
The interesting point to be discussed is actually comparing the performance between string and central based MPPT system configurations. He et al. [15] proposed a method to evaluate and optimize inverter configurations for grid-connected PV systems. String based system means that a single MPPT unit is connected to one string of PV array. For instance 10 Â 3, 15 Â 3 and 20 Â 3 PV array, it requires three units. On the other hand, the central based system means a single unit handles the power conditioning of the whole PV array. It is difficult to say that the central configuration is much better than the string or vice versa, since there are various possible unpredictable shading conditions and different sizes of PV array. In Ref. [16] , modified central and string inverter configurations are proposed, that result in considerable reduction in partial shading losses. Villarejo et al. [17] compares the performance ratio of PV plants using central and distributed inverters by using a single diode model. They developed a graphical method to estimate the power generation under different solar irradiation and temperature conditions. On the other hand, Deline [18] analyzed the impact of partial shading conditions on multi-string PV system with and without dc-dc converters with several different system assumptions needed in this simulation analysis. In Ref. [19] , the mismatch losses and the power losses due to failure in tracking of the global maximum power point of a long string of 18 seriesconnected PV modules and three short strings of six series-connected PV modules connected in parallel are investigated under different partial shading conditions using MATLAB-Simulink simulation model. Foiadelli et al. [20] evaluate modular, string and central based topologies for grid connected PV plant by analyzing the problem of the currents drawn to ground for the effect of the switching of the various converters, basing on a EMTP-ATP dynamic simulation tool. As results, it has been suggested that different configurations and operation strategies should be further studied and tested in order to reduce the mismatch losses, which is similar to the conclusion in Ref. [15] .
In addition, the financial concerns are still very important for PV system. Intuitively, the multiple inverters will have lower energy losses in associated with partial shading in string based system. Nevertheless, a tendency of several commercial inverters under string configuration behaves worse under partial shading [21] . From the investment point of views, the cost of three units of medium size inverter is almost same with the cost of one single big size of inverter. However, the gain from mismatched reduction is not enough to compensate for the additional cost of string inverter installations when the PV size less than 5 kW. Therefore, a central inverter is always chosen in the UK for the PV system < 5 kW [22] . Beyond these achievements, the central based system show a number of drawbacks, such as the necessity of high DC cables between the PV array and the inverter, reduced efficiency due to mutual influence of PV module and extra diodes in each string and as well as the difficulty in gradual expansion of the system capacity [23] . From these reasons, the string based system is still the promising option for the sake of the reinforced system reliability and reducing the mismatched problem under partially shaded condition. Nevertheless, the optimum size of inverter should be determined in the simpler proper method due to several aspects play important roles in the grid-connected PV application [24] . This paper contributes the solving mismatching problems by observing the performance of string and central based systems accompanied with intelligent control method for different sized PV arrays under various non-uniform irradiance conditions. In fact, the inverter efficiency is highly affected by the irradiance profiles entering the PV modules surface [25, 26] . Under such conditions, as the number of PV modules increase in one string, there will be multiple peaks observed in the power-voltage (P-V) curve. Since the tracking process of conventional controllers start from the open circuit voltage, the tracking process is oscillating around the first local maxima close to the open circuit voltage (V oc ) point and they are not smart enough to reach the global MPP. As a result, the conventional controller is totally failed to find the global peak which causes the output power cannot be maximally generated. In addition, there are several proposed MPPT controllers when integrated with the inverter operation; they will not bring optimal utilization to the overall grid performance [27] . To solve the problem, this study comes up with the intelligent based control method by implementing radial basis function neural network to estimate the optimum operating voltage. This method is directly localized the optimum point without any stepping process wherever the irradiance conditions are changed; therefore the tracking process is fast and simple. Moreover, the training process of this method is less time-consuming even in the case of multiple strings after upgrading the size of PV array. To reach the objective of this proposed method, the optimum voltage is used as the reference signal for the MPPT controller. It was demonstrated in [28] , once the optimum voltage at the global peak can be determined in time and used as the reference for the controller, it ensures that the PV system can operate at the global MPP. Two scenarios called randomshaded and continuous-shaded patterns were tested in 10 Â 3 (2.2 kW), 15 Â 3 (2.5 kW) and 20 Â 3 (3.3 kW) of series-parallel (SP) PV array configurations. The results are showing promising high percentage of 30-60% of extracted output power in compared with conventional controller method. This result is significantly notified when the PV size increases.
PV system configuration
The PV system is conventionally structured by connecting the PV array to the power conditioning unit (PCU) before utilizing the output power to the grid. The PV array itself can be constructed in different configurations, such as series-parallel (SP), bridge-link (BL) and total cross tied (TCT) [29] . In this study, the PV array consists of 10 Â 3 (2.2 kW), 15 Â 3 (2.5 kW) and 20 Â 3 (3.3 kW) of series-parallel connected PV array. Each PCU is responsible for the power conditioning of PV array where they are connected. In Fig. 1 , the proposed string and central MPPT units based PV system configurations are presented. The ideal dc-dc converter is used to force the three PV arrays in operating at the MPP [30] . In the left hand side of this figure, the RBF-ANN (1) is utilized to generate the optimum voltage of each string for dc-dc converter. The optimum voltage for the first, second and third string of PV array is denoted by V (2) is utilized to generate the optimum voltage of PV array, which is specified as V Ã c . To observe the performance of the proposed systems under non-uniform operating conditions, different size of PV array are considered by using SM-55 PV module [31] . The local and global MPP points are taken into consideration when investigating performance of the proposed system for string and central based MPPT schemes.
Field testing is costly and time-consuming process and it depends heavily on prevailing weather condition. In addition, it is very difficult to supply identical operating conditions when comparing the performance of string and central based MPPT systems. For these reasons, the circuit-based simulation model is very important to provide properly the inclusion of mismatch effects with high accuracy [32, 33] . In this study, non-uniform operating conditions are generated randomly under Matlab/Simulink environment for 10 Â 3, 15 Â 3 and 20 Â 3 PV array. One of typical operating conditions for PV arrays is shown in Tables 1 and 2 , respectively. For the string based configuration, much more output power can be generated under this operating condition when the controller is able to reach the global MPP point than for those controllers which are only operated at the local MPP point close to open circuit voltage. The same condition occurs in central inverter as appeared in Table 2 . The important result for these two measurements is that the output power can be generated much higher when the controller can be operated at the global MPP point of each string base of PV array. This point is challenging and should be further explored. The proposed method is intended to find the global MPPs under the non-uniform operating conditions. This is very difficult for classical MPPT controllers [3, 34] . In this reason, an intelligent technique is required [1] . For this task, radial basis function (RBF) neural network is utilized in this study. The RBF neural network is well-recognized with fast training process with high accuracy estimation. The purpose of this method is to estimate the voltages of string and central based system that correlates to the global maximum power point. Since the conventional controller is commonly started from the open circuit voltage, it is almost impossible to reach the global peak due to the step time operation. For this reason, the intelligent technique based control system is the promising solution because the controlling method able to find the global peak in time directly without doing any iteration process; therefore it is fast to be implemented in the real-time application [35] . The only procedure to establish the controller is to set the training data for training process in each target case. In this paper, 
Table 1
Global and local MPP for string based PV array under the given conditions in Fig. 2 .
PV array
String-1 String-2 String-3
At global MPP Table 2 Global and local MPP for central based PV array under the given conditions in Fig. 2 .
PV array Central based MPPT system
At global MPP At local MPP the training data set is the estimated optimum voltage as the function of modified input irradiance on each PV array. This approach is taken following the assumption that once the global optimum voltage is reached and the global peak power [28] . The details about the selection of input-output data set, the training process and the validation process will be explained in the next section.
Radial basis function (RBF)-ANN based optimum voltage
The artificial neural network is successfully compatible with the optimization problem of PV system [36, 37] . It is due to the nature characteristic of PV system as a non-linear system. Solving the non-linear characteristic of PV system with conventional optimization techniques or other numerical methods may require particular computational techniques, time consuming and difficulty in convergence stage [38] . Another characteristic output of PV systems is their intermittency outputs due the environmental factors. The output power of PV system is really affected by the irradiance level and ambient temperature following the nature characteristic of photocurrent [39] . Therefore, tracking the optimum operating point is necessary in order to reach the maximum efficiency conversion of PV system. In some MPPT controllers as explained in [28, 40, 41] ; the optimum voltage as reference controller is very important. However, the operating voltage is influenced by temperature. If the temperature increases, the voltage is reduced or vice versa. Moreover, under partially shaded or mismatched cell condition, the optimum voltage may reduce significantly from its optimum point. To overcome such kind of problems, an intelligent technique by means the artificial neural network is the promising solution to identify the optimum points under any scenarios [42] [43] [44] [45] .
In this study, the variant of ANN methods called radial basis function (RBF) neural network is utilized as controller to estimate the global MPP voltage of each string PV array. This method is wellrecognizable fast during the training process, the network structure is directly confirmed after training and it has high accuracy during the validation [46] . RBF neural network is a typical neural network structure using local mapping instead of global mapping as in multi layer perceptron (MLP) [47] . In MLP method, all inputs cause an output, while in RBF method; only inputs near a receptive field produce activation function. The hidden layer is locally tuned neurons centered over receptive fields. Receptive fields are located in the input space areas where input vectors exist. If an input vector lies near the center of a receptive field, then that hidden layer will be activated. Because of this approach, the training process using RBF network is very simple. Once the set goal error is reached, the training is stop and the number of hidden nodes is confirmed. For utilizing this technique, only training process is required and after the structure is confirmed; the network may respond well to different operating conditions. In general, the stage in the RBF method consists of training data set selection, training process and validation process; and all these stages will be explained as follows.
The input signal is the modified irradiance level which is randomly generated. The random data is considered to follow the nature characteristic of irradiance level arriving on the module. The modified irradiance means that one sensor measures the average of four adjacent modules [40] . This method is proven sufficiently to limit the data variation that makes the convergence easier during the RBF training process. Also, the computational burden can be released as the number of input nodes decrease. In this study, the output signals are the estimated MPP voltage on each string called V The approach to determine the input signal is explained as follows. Let assume the size of PV array is A(m,n) and the irradiance arrives on each module is E A(m,n) ; the average irradiance on four adjacent PV module E(r,s) as the input signal can be calculated as:
Eðr; sÞ ¼ 0:25x½E Aðr;sÞ þ E Aðr;sþ1Þ þ E Aðrþ1;sÞ þ E Aðrþ1;sþ1Þ for r ¼ 1; 2; 3; :::; m À 1 and s ¼ 1; 2; 3; :::; n À 1 ð1Þ
Using this approach, the input signal can be generated with dimension 18, 28 and 38 inputs, instead of 30, 45 and 60 inputs for 10 Â 3, 15 Â 3 and 20 Â 3 PV array, respectively. Under any input signal conditions, E(r,s), the global MPP voltage refers to the ideal case. A number of data set patterns are prepared for this purpose and this approach is legitimately implemented to both string and central based MPPT unit assessment. The second stage is the training process. During the training process, the input vector which will result in lowering the network error is used to create a new hidden neuron. If the current error after the neuron insertion is low enough, the training stops. In this study, the parameter of training process: the mean squared error goal (GOAL), spread of radial basis functions (SPREAD), maximum number of neurons (MN) and the number of neurons to add between displays (DF) are 0.003, 1.0, 25, 1, respectively. The outcomes of the training process are the number of the hidden neurons that represent the structure of RBF neural network and the training error that represents the accuracy of the confirmed structure. As results, for string based MPPT unit, there are 23, 22 and 23 of hidden neurons and 0.0003775, 0.000973 and 0.001714 of training errors for RBF structure of 10 Â 3, 15 Â 3 and 20 Â 3 PV array, respectively. Meanwhile for central based MPPT unit, the number of hidden neurons (training error) for 10 Â 3, 15 Â 3, and 20 Â 3 PV array are 34 (0.0004662), 32 (0.0008256) and 35 (0.0009264), respectively. It seems in these results that simpler structure is obtained for 15 Â 3 PV array than other sizes for both MPPT units assessment. It is due to merely the simplicity correlation between the input data and the target output and the data cannot be forced to convergence in the same structure because their random nature.
At glance, the RBF structure as shown in Fig. 3 is similar to the three layered feed-forward neural (TFFN) network in terms of weights and biases connection between layers. Fig. 3a and b represent the RBF-ANN (1) and RBF-ANN (2), respectively. The weights w 1 connect the input layer to the hidden neurons and weights w 2 connect the hidden neurons to the output layer. Also, there are two biases b 1 and b 2 for utilizing this network. The only different is the implementation of transfer function between layers. In TFFN structure, the sigmoid function is the common utilized activation function in all layers, but this consideration is also case by case depending on the target of study and the complexity input-output data patterns. In RBF network, in the first layer, the Euclidean distance weight function is applied for all input signals and its connected weight w 1 and bias b 1 , before preceding them to the 'radbas' activation function. This algorithm can be formulated as follows: 
where n is the nodes number of hidden layer. In the string based structure, n is equal to 23, 22 and 23 for 10 Â 3, 15 Â 3 and 20 Â 3 PV array, respectively. Meanwhile, in the central based structure n equals to 34, 32 and 35 for 10 Â 3, 15 Â 3 and 20 Â 3 PV array, respectively. In addition, r is the number of input signals where r is equal to 18, 28 and 38 for 10 Â 3, 15 Â 3 and 20 Â 3 PV array, respectively. After this process, the output layer a 2 is calculated by simply applying the 'purelin' activation function between a 1 and weights w 2 , include the bias b 2 of the second layer. The mathematical model is stated for this condition as:
w 2 ðm; nÞ:a 1 ðnÞ
where m is the nodes number of the output layer. In this case, m equals to 3 and 1 for string and central based MPPT units, respectively for all sizes of PV array. The last stage of construction the RBF network is the validation process where the proposed structure is tested with different input signals other than data used in the training process. The purpose of this stage is to evaluate the accuracy of network to respond in different signals conditions. Again, the test validation data is also randomly generated. One of the typical irradiance levels for such testing of 10 Â 3, 15 Â 3 and 20 Â 3 PV array is shown in Fig. 4 . In this figure, the irradiance profile on each module is totally different each other. In the string based system, the multiple peaks occur and the global MPP point may be far away from the local maxima. A similar trend of global MPP point is possibly found under central based system measurement.
The accuracy of the estimation process through the RBF method is provided in P-V curve depicted in Fig. 5 . The investigation is focused on the P-V curve measurement on string basis. The estimated point is denoted with asterisk sign (G ⁄ ), while for those without asterisk (G) is the target value. The estimation result by this method is not exactly reach the global point (the ideal case), but it is able to reach the second peak close to the global peak. Since the second peak power not so far from the global MPP point, the estimation can be successfully considered using the proposed method. This might be better than other conventional techniques on string basis which only able to operate close the local maxima (L). For instance, In Fig. 5a , the G1 ⁄ , G2 ⁄ and G3 ⁄ are very close to points G1, G2 and G3, respectively in 10 Â 3 PV array. This approach yields output power 37% higher than using conventional controller on string basis. Almost the same outcomes for 15 Â 3 PV array in Fig. 5b and this yields 36.8% than controllers operated in the local maxima on string basis. A significant extracted output power of about 54.7% is reached for 20 Â 3 PV array (Fig. 5c) . In these figures, the estimation MPP based central MPPT is also provided for different PV array sizes. The accumulation output power using string based MPPT is consecutively higher than that of central based MPPT unit measurement. Based on this verification, the proposed method by means the string based MPPT unit can adapt to the heavily shaded patterns with reasonable accuracy. To convince the robustness of this method; wide different scenarios will be tested using this method.
Simulation results
To ensure the proposed method, two scenarios of irradiance pattern have been demonstrated. They are the random shaded pattern and the continuous shaded pattern. Again, these conditions can be randomly generated.
Random shaded pattern
The random shaded patterns are shown in Fig. 6 . This pattern is generated taking the assumption that irradiance level on each module is different and non-regularly distributed. Fig. 6a, b and c represent the input signal under this scenario for 10 Â 3, 15 Â 3 and 20 Â 3 PV array, respectively. Also, the pattern can be generated as the incremental time for the assumption that this kind of input can be continuously appeared during the daily operation of PV system. In this study, the definite time for the data irradiance is specified at t = t1, t = t1 + 1 and t = t1 + 2. Under this condition, the performance of the proposed method is compared to the ideal condition using central and string based system and the condition where the controllers operate in the local maxima close to the open circuit of PV array. The change in output power with respect to the ideal case which is represented by DP (in percentage), is defined as: where P x may represent the power at ideal condition for Table 3 measurement and power at the local maximum point for Table 4 measurement.
The comparison results as shown in Tables 3 and 4 are in terms of the percentage of extracted output power. As shown in Table 3 , the output power yields using the proposed method are generally lower that the output power yields based on the ideal condition for both central and string based system. To the central based MPPT PV array, small increment of output power can be produced as the time goes on for 10 Â 3 and 15 Â 3 PV array; but this trend does not work out for 20 Â 3 PV array. However, even like that the decreasing output is not more than 7% for t = t1 + 1 in 20 Â 3 PV array. Similar trend of lower output power than the ideal case is obtained for string based MPPT unit. This trend is clearly depicted in Table 3 for all sizes of PV array. Under this scenario, the output power is totally lower at the beginning of simulation; then little improvement is obtained for 10 Â 3 and 15 Â 3 PV array. These outcomes conversely occur in the 20 Â 3 PV array. The negative signs indicate the output power from both string and central based MPPT units is lower than the ideal output power that is supposed to be. Such outcomes are reasonable since it is difficult to have MPPT system that is working similar to the ideal case.
The benefits of this method can be seen in the results shown in Table 4 when the output power from the proposed method is compared with the performance of conventional controller in central and string based system. There are significant of 29.31-62.73% of incremental output power when compared with conventional controller in the central based system. The average contribution is about 42.63%, 49.07% and 47.79% for 10 Â 3, 15 Â 3 and 20 Â 3 PV array, respectively. Again, since the proposed controller is in the string basis, little lower output power from the proposed method is obtained than the central case. The incremental output power is in the range between 28.43-61.80%. From this view point of both case comparisons, significant output power/energy can be yielded using the proposed method for the long term performance of PV system, like one-day or one year operation if the heavily shaded conditions persist.
Continuous shaded patterns
The proposed method is also tested with another typical shade patterns called continuous-shaded patterns as shown in Fig. 7 . In compared with the previous case, the shading pattern is more regular from one side of the module to other sides. In this case, the irradiance level is gradually degrading that cause continuous patterns. There are three conditions provided in this test. For 10 Â 3 PV array, the shading pattern is from top of the module (positive terminal) to the bottom part (negative terminal). This shading pattern is oppositely set in the 15 Â 3 PV array. A little different shading pattern is set for 20 Â 3 PV array where the first and third strings are shaded in the negative terminal, while the second string in opposite way. The optimum voltage identification is provided form this proposed method in compared to the ideal and local maxima case. It can be seen in Table 5 that the proposed method can respond well to the different input conditions. Actually, this achievement was previously predicted that if the proposed method can respond to the random shaded patterns, it is highly recommended working under the continuous shaded patterns. It is due to the capability of the proposed method respond to the generated random operating conditions. In this result, for instance the 10 Â 3 PV array, the global MPP voltage V2 of the second string is shifting to 88.99 V in the ideal case, the proposed method can achieve 79.10 V instead of 171.29 V in the local maxima. As results, the output power P2 can be approached very close to the ideal case. Also, high accuracy is shown for the estimation of voltage in strings 1 and 3. On the other hand, when shaded pattern condition follows the 15 Â 3 PV array, the global MPP voltage of all strings is shifting far from the local maxima. But, again the proposed RBF method can reach very close to expected values in the ideal case. The same achievement is obtained for 20 Â 3 PV array under the defined continuous shaded patterns. Also, the output power accumulation from string based MPPT unit is noticeable higher than the one from the central based MPPT unit output. Based on the results showing in different scenarios, the RBF method is robust to estimate the voltage on string basis and this estimation makes the output power is increasing very significant.
Discussion
In the future, a significant number of PV systems will be installed not only on the roofs but also wherever sunlight is available. It is crucial to improve the efficiency of PV systems and develop the reliability of PV generation control systems. In that manner, the comparison of overall technical and economic performance of different PV system architectures is becoming an issue. There are two ways to increase the efficiency of PV power generation. The first is to develop materials offering high conversion efficiency at low cost. On the other hand, the most important issue is to operate PV systems optimally for getting better efficiency [1] . 
Table 3
Percentage of extracted power of proposed method in compared to the ideal condition.
PV array DP (%)
String based MPPT Central based MPPT Table 4 Percentage of extracted power of proposed method in compared to the local maxima.
PV array DP(%)
String based MPPT Central based MPPT The economic analysis is not yet sufficiently investigated due to the lack of detailed information about investment and field data of PV plants [15] . On the other hand, the comparison results strongly depend on unpredictable factors such as the amount of solar radiation, clouds, shadows, dirt or other obstructions that effect the amount of power generated. He et al. proposed a method to evaluate the impact of inverter configuration on energy cost of grid-connected PV systems under the assumption that uniform operation conditions are ensured and partial shading conditions are avoided during the design and constructions of PV plants [15] . Cellura et al. proposed a methodology for assessing energy and economic performances of PV systems in a large urban context [48] . The case study showed that the shading effects due to the surrounding obstacles and the incentives play important roles in the diffusion of the PV systems [48] . In that manner, PV companies have started to use the terms of levelized cost of energy (LCE) that is one of the commonly used indicators in order to enable comparisons between alternative energy technologies [49] . Mediavilla et al. studied the importance of an appropriate choice of elements for the installation [50] . They showed that the homogeneity of the characteristic curves of the panels in use appears to be an indicator of system quality.
Three factors can be categorized when comparing performance of different PV system configurations: capital costs, energy harvesting, and maintenance. The capital cost includes PV modules, power electronic equipments, and installation costs. For residential and commercial installations, the inverter will typically be rated at between 1 kWp and 7 kWp. The inverters will cost around €0.35-0.65 per Wp (Fig. 8) [48] . The inverter price (€/Wp) decreases with inverter's rated capacity. The total investment costs of PV inverters can be calculated by multiplying the nominal power of the inverter with the specific investment costs of the inverter (€/Wp). If a PV module price is €2 [48] per Wp, the module cost for a 3.3 kWp system therefore is €6600. Fig. 9 presents the contributing components to the total capital cost of the three strings and central based PV system. The mounting, cabling, connectors, and main switchboard costs can also form the third major contributor to the total capital cost. For string based topology, as the number of inverters increases, the contribution of inverters to the total capital cost of PV system also increases. However, the analysis shows that PV Table 5 Comparison performance of string and central based MPPT under continuous shaded patterns.
PV array
Measurements String based MPPT control Central based MPPT 1.1kW 1.7kW 2.5kW 3.0kW 3.6kW 5. array plays as a first major contributor for both cases. A similar result was obtained for PV remote area power systems in [51] . Table 4 shows the benefit of the proposed method in terms of the total power harvested of PV systems under the partial shading conditions. The incremental output power is in the range between 28.43% and 62.73% for both topologies. When considering the minimum average contribution (28.43%), the proposed method offers a €1848 advantage. If the power difference between the local and global MPP is higher and the non-uniform operating conditions continue for longer duration, there will be significant increase in the extracted power and energy in the proposed method in both string and central topologies. As a result, PV system with the proposed method can provide a considerable amount of electricity, making a significant contribution to payback period of PV systems [52] . The main benefit of the proposed method is that mismatch power loss can be reduced significantly for both topologies.
Conclusion
A new method for maximum power point tracking of photovoltaic arrays under various non-uniform irradiance conditions which can reduce mismatching losses significantly with respect to the conventional method has been developed. Under this condition, it is well-known that there are certain numbers of multiple peaks as the number of PV modules in one-string increases due to the nature behavior of bypass diode. Since the conventional control method is only operating the PV system at the local maxima close to open circuit voltage, only small portion of power can be extracted from the PV system. Therefore, the radial basis function artificial neural network based intelligent control method is utilized to identify the global operating voltage on each string of PV array. The proposed method is well-recognizable fast during the training process, the network structure is directly confirmed after training and it has high accuracy during the validation. Also it has the flexibility to deal with different size of PV array because only retraining process is necessary and this process is fast. The proposed method is compared with the ideal case and conventional method through observing the power-voltage curve of PV arrays. The proposed method has been tested in 10 Â 3 (2.2 kW), 15 Â 3 (2.5 kW) and 20 Â 3 (3.3 kW) of series-parallel (SP) PV array configuration under random-shaded and continuous-shaded patterns. The simulation results show that under randomly shaded pattern, there are significant increases of about 30-60% of the extracted power in one operating condition. This is also observed in the continuous shading pattern where the proposed controller is able to shift the operating voltage on each string module to their optimum voltages.
